We formulate the time variation of the gravitational coupling constant in all dimensions. We show that the time variation of the gravitational coupling constant is related to the time variation of the Newton's constant in three-space dimensions and also is related to the time variation of the volume of the extra spatial dimensions. Our results here are based on a model-independent approach.
Usually in cosmological models based on higher dimensions the problem of dimensionality of the gravitational coupling constant is not tackled on, being tacitly assumed to be κ = 8πG,
where G is the Newton's gravitational constant. This is of course a relationship being derived in (3 + 1)-dimensional spacetime. In this letter, we are going to study time variation of the gravitational coupling constant in all dimensions. In doing so, we briefly review the gravitaional coupling constant in all dimensions (see Refs. [1, 2] ). Take the metric in constant (D + 1)-dimensional spacetime in the following form (we use natural units or high-energy physics units in which the fundamental constants areh = c = k B = 1, G = ℓ 2 P l = 1/m 2 P l )
where dΣ 2 k is the line element for a D-manifold of constant curvature k = −1, 0, +1, corresponding to the closed, flat and hyperbolic spacelike sections, respectively. Using Eq.(2), we obtain 2
where ∇ D is the ∇ operator in D-dimensional spaces. In (3 + 1)-dimensional spacetime, the Poisson equation is given by ∇ 2 φ = 4πGρ. Applying Gauss law for a D-dimensional volume, we find the Poisson equation for arbitrary fixed dimension
where G (D+1) is the (D + 1)-dimensional Newton's constant and S [D] is the surface area of a unit sphere in D-dimensional spaces
On the other hand from Eq.(2) we get
Using Eqs.(3-6), we are led to the gravitational coupling constant in (D + 1)dimensional spacetime 3
Now, let us obtain a relationship between the Newton's constant in (D + 1)dimensional spacetime and in the (3 + 1)-dimensional spacetime. Using the force laws in (D + 1)-and (3 + 1)-dimensional spacetime, which are defined by
and the (D + 1)-dimensional Gauss law one can derive (see Ref. [4] )
where V [D−3] is the volume of (D − 3) extra spatial dimensions. Now, using Eqs.(7) and (10) we are led to
Time derivative of Eq.(11) leads tȯ
This equation tells us the time evolution of the gravitational coupling constant in (D + 1)-dimensional spacetime is related to the time evolution of the Newton's conatant in three-space dimensions and also to the time evolution of the volume of (D − 3) extra space dimensions. Using Ref. [5] , the time variation of Newton's constant today has an upper limit Ġ (3+1)
Using this upper limit and Eq.(12) we are led to an upper limit for the time evolution of the gravitational coupling constant. Our approach for the time evolution of the gravitational coupling constant is a model-independent approach and may be used for cosmological models in higher dimensions.
